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Over the past two decades, globalization, and more specifically the increased exposure to competition from low-price producers in China and India, has created a new economic environment for other emerging economies. The most advantageous way for manufacturing firms in those economies to position themselves in domestic and international markets is to offer upgraded and differentiated rather than "mundane" labor-intensive products. This paper investigates whether increased competitive pressure from imports forces firms to improve the quality of their products. The econometric analysis relies on a rich dataset of Chilean manufacturing plants and their products. Product This paper-a product of the Trade Team, Development Research Group-is part of a larger effort in the department to understand the links between trade costs, competition, and innovation. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at afernandes@worldbank.org. quality is measured with unit values (average prices) and industry-level transport costs are used as an exogenous measure of import competition. The authors find a positive and robust effect of import competition on product quality. This effect is found to be particularly strong for non-exporting plants. The results also show that increased import competition from less advanced economies is the major cause for the positive impact on quality upgrading. The overall evidence points to the benefits of trade openness for product innovation but demonstrates at the same time that competitive pressure alone will not enable local plants to catch up with leading world producers.
Introduction
The acceleration in globalization witnessed over the last two decades and the corresponding increased exposure to competition from low-price producers in China and India have created a new economic environment for emerging economies (World Bank, 2006; OECD-WEF, 2008 ).
Since production costs -especially those that are wage-related -cannot be infinitely reduced, the main way for manufacturing firms in those economies to position themselves in domestic and international markets is to focus on offering upgraded and differentiated rather than "mundane" labor-intensive products (Moreira, 2007) . Pietrobelli and Rabellotti (2006) argue that such upgrading will provide the "high road" to competitiveness offering higher revenues and wages in contrast to the "low road" which would require price reductions squeezing revenues. Many factors can facilitate taking on the "high road", one of them is the competitive pressure from abroad which may force firms to improve their products to stay in business. In this paper, we provide a rigorous empirical foundation to this hypothesis by examining the following question: Does increased exposure to import competition foster firm product quality upgrading?
Innovation plays a crucial role in growth and welfare (Grossman and Helpman, 1991; Aghion and Howitt, 1998) . However, the effects of competition on innovation are the object of some theoretical controversy and the empirical evidence is not always clear-cut as discussed below. Our study fills a gap in the literature by examining a potentially important determinant of incremental innovation reflected in product quality upgrading: import competition. 1 In an emerging economy context it is all the more relevant to focus on such upgrading since most firms lag behind the world's technology frontier so radical innovation outcomes are less forthcoming.
While the idea of linking import competition to product quality upgrading is appealing, its empirical implementation faces two challenges. The first challenge concerns the measurement of product quality. To address it, we exploit a new dataset including rich information from census data on all the products manufactured by all Chilean plants during the 1997-2003 period. We follow the empirical trade literature and use unit values (prices) of products to measure their unobserved quality or sophistication. 2 The second challenge concerns the difficulty in identifying causal effects of import competition on quality upgrading as upgrading can itself affect whether and how much foreign competitors choose to export to the domestic market. To address it, we rely on an effective trade barrier measure -transport costs -which capture differences in import competition across industries that are exogenous to quality upgrading.
Our econometric approach exploits variation in transport costs across 4-digit industries and over time and consists of regressions of product unit values on a lagged measure of transport costs, a set of plant and industry control variables, as well as product, plant, year, and industryyear fixed effects. Importantly, our specifications identify impacts by establishing comparisons of unit values across plants within product categories. No attempt is made to distinguish higherquality from lower-quality products since differences across products in units of measurement and other characteristics preclude the direct comparability of their unit values.
Our main finding is that import competition has a positive and significant impact on plantlevel product quality upgrading. The magnitude of the estimated impact increases as our sample is progressively restricted to include all plants but only the products that they neither start producing nor discontinue producing during the sample period (continued products) and then to include only the plants in the sample during the entire period of analysis (continuing plants) and their continued products. This difference in magnitudes suggests that products with less upgrading potential are likely to be discontinued by plants and new products are also less subject to upgrading as a result of import competition after their initial introduction.
Our estimates show that it is mainly increased import competition from less advanced economies that leads to the average positive impact of import competition on quality upgrading.
This finding suggests that while increasing the sophistication of products is a distinct option that
Chilean plants use to escape competition from less advanced economies, competition from more advanced economies does not engender the same response. Focusing on the differential impacts of tougher import competition across plants, we find that domestic-owned plants that do not export their products exhibit the strongest response in terms of quality upgrading. This is likely the case because the other plants are already exposed to international competition through other channels. We also show that increased import competition provides a significantly larger boost to the quality of products sold only in the domestic market than to the quality of products that are also (or exclusively) exported. Finally, we provide evidence that import competition is associated with a wider divergence in quality within product categories, which may suggest the presence of heterogeneous impacts of competition on plants with different productivity.
We successfully submit our results to a variety of tests. Our results are robust to the use of multiple outlier criteria and to the inclusion of additional or alternative control variables. Our findings are also maintained if different lags of the transport cost measure or alternative transport cost measures are used, suggesting that endogeneity problems are not a concern. A different concern about our results arising from the use of plant product prices as our outcome of interest is that the imports-as-market-discipline-hypothesis predicts a negative effect of import competition on prices and price-cost margins (Levinsohn, 1993; Melitz and Ottaviano, 2008) . Since radical trade liberalization in Chile occurred in the early 1980s, we would not expect the pro-competitive price-lowering effects (the aforementioned "low road") as a reaction to imports to still play a major role during our sample period. Indeed, we are able to dismiss those concerns based on our estimation of the link between transport costs and price-cost margins of Chilean plants following the widely used methodology proposed by Roeger (1995) . Finally, while the use of unit values to signal product quality is well-founded in the industrial organization and the trade literatures, we provide explicit evidence confirming that our estimated increases in unit values due to tougher import competition are indeed picking up improvements in product quality.
Our paper relates to the debates in two strands of the literature. First, theoretical and empirical studies on product market competition and innovation are unclear about the sign of that relationship (Ahn, 2002) . In a seminal contribution, Schumpeter (1942) argues that producers facing less competition are best placed to innovate since getting adequate returns for one's innovation requires some form of temporary monopoly power. In contrast, strong competition may foster innovation as producers need to escape their innovating peers to stay in business. Aghion et al. (2005 Aghion et al. ( , 2006 predict and show evidence of an inverse U-shaped relationship between competition and innovation based on a model which allows for counteracting 'escape competition' effects as well as 'Schumpeterian' effects of competition on innovation. Gorodnichenko et al. (2008) , however, find no support for the inverse U-shaped relationship.
Second, the theoretical literature on within-plant margins of adjustment to increased import competition is ambiguous about the incentives for plants to invest in productivity-enhancing technology and innovate. 3 In Goh (2000) import competition increases these incentives by reducing the opportunity cost of technological effort and in Thoenig and Verdier (2003) it results in defensive skill-intensive innovations by plants desiring to reduce future threats of imitation or leapfrogging by competitors. In contrast, Rodrik (1992) argues that by reducing the plant's 3 See Tybout (2000) for a survey of the literature.
market share, import competition may actually decrease its incentives to innovate, reviving the arguments of Schumpeter (1942) .
To the best of our knowledge, empirical studies examining the effects of import competition on plant-level innovation outcomes are rare and those available differ in important aspects from ours. Bertschek (1995) and Baldwin and Gu (2004) examine the effect of import competition measuring German and Canadian plants' involvement in product upgrading or innovation by an affirmative answer to the question: 'Did you introduce new or significantly improved goods'.
4 Lelarge and Nefussi (2008) study the link between import competition from low-wage countries and French plants' research and development (R&D) spending and the effect of the latter on exported products' unit values, in the absence of information on domestically sold products.
Our study's contributions to the literature are four-fold. First, ours is the first paper to examine the impact of import competition on incremental rather than radical R&D-intensive innovation at the plant level for an emerging economy. Indeed, this is the type of innovation that is more prevalent in emerging economies where producers often improve upon products imported from developed countries. Second, we measure incremental innovation using direct quantitative information on product prices instead of relying on subjective perception-based measures of product upgrading as in previous studies. Third, we analyze the effects of import competition on quality upgrading for the universe of Chilean manufacturing products whereas most previous studies focus on exported products. This feature of the analysis is particularly important given that 86 percent of the products manufactured by Chilean plants are sold only in domestic markets.
Furthermore, exported products may differ in many respects from domestically sold products, thus estimates obtained focusing exclusively on the former may be biased. Fourth, our identification of the effects of import competition on product quality relies on the use of a 4 Alvarez and Robertson (2004) use a similar question to relate innovation outcomes for Chilean and Mexican plants to alternative dimensions of openness: foreign direct investment and exports.
measure of transport costs that separates freight costs from insurance costs and thus improves upon that used by Bernard et al. (2006a) for U.S. industries and can confidently be considered exogenous to quality upgrading.
Our findings suggest that increased exposure to import competition, including that from China and India, may be beneficial by encouraging producers to follow the "high road" to competitiveness (Pietrobelli and Rabellotti, 2006) . Taking into account the evidence provided by Iacovone and Javorcik (2008) that Mexican plants invest in product quality upgrading before they export, our findings suggest that over time plants -including those with no export experiencemay be able to progressively target more sophisticated export markets. However, our evidence also suggests that import competition may be insufficient to enable quality upgrading where the technology gap between foreign competitors and local producers is high. Other policy tools will be necessary to encourage more radical innovation in products.
The remainder of the paper proceeds as follows. Section 2 describes the data and Section 3 presents the empirical specification. Section 4 discusses our main results, robustness tests, evidence of quality upgrading, and the imports-as-market-discipline hypothesis. Section 5 examines the differential impacts of import competition by type of exporting country and by type of plant and product. Section 6 concludes.
Data

Plant Unit Values and Other Information
In our analysis, we use a dataset with information on products at the plant level from 1997 to 2003 that is merged with the annual manufacturing census of Chilean plants with more than 10 employees (ENIA). Both datasets are provided and collected by the Chilean National Statistical
Office. The products dataset includes information for each plant and year on the physical quantity sold and the sales value of each of 2,018 products at the 7-digit ISIC level (revision 2). Appendix Appendix 2 describes further the cleaning procedures used for the products dataset and some tests performed to assess the goodness of the data. Our final sample combining the products dataset with the ENIA census includes 55,294 plant-year-product observations with the average number of products manufactured per plant being 2.3. Navarro (2008) shows that many stylized facts S based on the Chilean products dataset are similar to those obtained for a U.S. products dataset by Bernard et al. (2006b) and an Indian products dataset by Goldberg et al. (2008) .
5 Table 1 shows average coefficients of variation in unit values for selected 4-digit industries.
The statistics show a substantial degree of heterogeneity in unit values across plants and point to some interesting differences across industries. Industries with homogeneous products and thus less scope for quality differences such as cement or petroleum refineries are characterized by low average coefficients of variation. However, industries where quality is expected to play a more important role such as electrical machinery, motorcycles, and professional equipment are characterized by higher coefficients of variation. 5 For example, the average shares of the most important product, the second most important product, and so on, in total sales of Chilean multi-product plants are strikingly similar to those of U.S. and Indian multi-product plants. Table 2 illustrates the substantial variation in our transport costs measure over time and across a selection of 4-digit industries. Since some countries may not export a product to Chile due to prohibitive transport costs, our measure is a lower bound for transport costs accounting only for those of exports that actually occur (Hummels, 2001) . However, as this feature of our measure is common to all products, it does not impair our analysis which focuses on differences in the relative, rather than the absolute, magnitude of transport costs across industries and time.
Transport Costs
Transport costs proxy adequately for the exposure to import competition of plants in
Chilean industries during the sample period for four reasons. First, export choices are to some extent driven by freight costs. For example, within disaggregate product categories, exporters with the lowest freight rates are shown to have the largest import shares based on data for the U.S., New Zealand, Argentina, Brazil, Chile, Paraguay, and Uruguay (Hummels, 2001) . Second, transport costs can play an important role in "altering patterns of trade across goods and partners" due to their size and variability across trade partners (Hummels et al., 2008) . Third, transport costs represent currently a greater share of trade costs than tariffs for most countries including Chile (Anderson and Wincoop, 2004) .
6 Fourth, our transport costs measure excludes insurance costs and, therefore, does not suffer from the related concerns of endogeneity.
Finally, note that our transport costs measure is obtained at the 4-digit ISIC revision 2 level. A more aggregate measure may not adequately capture the degree of import competition faced by plants. For example, 3-digit industry 311, food manufacturing, includes 4-digit industries ranging from fruit and vegetable canning to bakery. If we considered a transport costs measure at the 3-digit level, an increase in imported bakery products would erroneously suggest 6 The most usual measure of trade barriers -tariffs -is not informative in the Chilean context due to the uniform tariff structure across industries in place since the 1980s' trade liberalization (Chumacero et al., 2004 ). Chile's entry into preferential trade agreements with various countries and regions since the 1990s introduced a complex set of product-and country-specific exceptions to that uniform tariff structure that could provide useful variation for our analysis. However, such exceptions are subject to political economy pressures and likely to be endogenous to product quality in an industry.
that fruit and vegetable canning products also faced stronger import competition, when such products are not exactly substitutes. Certainly, one could argue that measuring import competition at the 4-digit level for bakery products (ISIC 3117) is still too aggregate. An import competition measure at the 4-digit level implies that increased imports of cookie products strengthen the competition faced by cake products too. Cake products may indeed be challenged by imports of cookie products because consumers may decide to substitute cake for cookie products. If competition was measured at a more disaggregate level -i.e., distinguishing cake from cookie products -then one might wrongly ignore that cross-effect. Hence, we consider 4-digit to be an adequate level at which to measure the degree of import competition as it accounts for a reasonable degree of substitutability across products.
Empirical Framework
To examine the impact of import competition on product quality, we need to account for the fact that 49 percent of Chilean plants manufacture multiple 7-digit products. Among these multiproduct plants in any given year, 55 percent manufacture products within a single 4-digit industry whereas the rest manufacture products across at least two different 4-digit industries. 7 As mentioned in Section 2.2, transport costs are measured at the 4-digit level. Thus, plants manufacturing 7-digit products in various 4-digit industries face a different degree of import competition in each of the 4-digit industries to which their products belong. The specification which allows us to examine quality upgrading responses to changes in the transport costs faced by each of the plant's products is given by:
7 Thus, in any given year about 78% of Chilean plants manufacture products within a single 4-digit industry.
where is the log of the unit value for 7-digit product p7 manufactured by plant i in year t, are transport costs for 4-digit industry k4 to which the plant's product p7 belongs, is a vector of controls to be specified below, 

We now discuss various econometric issues associated with the estimation of Equation (1).
First, there is a possibility of reverse causality as product quality may affect import competition.
Improvements in product quality in Chile may encourage the opening of its economy to further trade (e.g., by reducing lobbying pressures against openness) and result in tougher import competition. This issue does not concern us, though, since our measures capture 'external' transport costs incurred by imports from the exporting country until the arrival to Chilean ports and thus are not affected by Chilean trade policy decisions. Moreover, even if Chilean policymakers attempted to reduce trade-related insurance costs or to improve the quality of domestic ports, those actions would not be captured by our measure of transport costs which excludes insurance costs. This advantage of our measure relative to that of Bernard et al. (2006a) is particularly relevant as insurance costs increase with the value -and likely the quality -of an exported product (Hummels et al., 2008) . Nevertheless, there are two possible ways in which product quality could affect transport costs. The first possibility is that if certain countries' producers stopped exporting to Chile due to improved domestic product quality, our measure of transport costs could be affected since those countries no longer enter the transport costs' calculation. If these countries used to export highquality products to Chile, then the import competition faced by Chilean plants in these 4-digit industries would be effectively reduced. However, the new measure of transport costs would only increase, reflecting this decline in competition, if those countries also had low transport costs. It is likely that it would be producers in countries exporting smaller quantities to Chile that would stop exporting and that exporting smaller quantities would be linked to higher transport costs.
Thus, measured transport costs could decrease as a result of quality upgrading. This issue is relevant for our analysis to the extent that only half of Chile's import relationships at the country-4-digit industry level last the entire sample period.
8 However, since our measure is a weighted average of transport costs across all countries, the exclusion of a country is unlikely to affect it unless it is one of Chile's largest trading partners. Our data shows that few large trading partners stop exporting any 4-digit categories to Chile during the sample period. 9 Nonetheless, we consider this issue in our robustness checks in Section 4.2 and find that our results are not driven by this potential reverse causality channel. The second possibility is that improvements in product quality in Chile could motivate producers in certain countries to export smaller quantities to
Chile. This would result in higher freight rates if exporters no longer benefit from economies of scale in the transportation of their products. In this case, quality upgrading would result in weaker import competition and actually work against the finding of a positive effect of import competition on quality upgrading. However, the importance of such scale economies in affecting freight rates is unclear. These two possibilities by which quality upgrading could affect transport costs may lead to biases in the estimate of TC  . To help mitigate these potential biases, we follow Bernard et al. (2006a) and include a one-year lag of the variable TC as shown in Equation (1).
10
Second, unit values reflect a combination of quality and cost attributes such as input prices. Specifically, higher costs of production at the plant level may, depending on the market's level of competition, lead to increases in unit values unrelated to quality improvements.
Production costs may actually be correlated with our measure of transport costs if intermediate inputs are imported or affected by the degree of import competition in final products. To the extent that transport costs differ across industries in their level and evolution over time and that plants use inputs from industries other than their own, the potential correlation with production costs seems limited. Nevertheless, we believe that our specification must include in the vector of controls proxies for production costs: average wages paid by the plant, the share of skilled labor in the plant's total workforce, unit prices paid for electricity by the plant, and the share of imported materials in total plant materials. Appendix 2 provides details on these four variables.
Third, omitted variables at the industry or plant levels correlated with import competition but also with product quality could bias the estimate of TC  . The knowledge spillovers generated by FDI in an industry could drive plants, particularly those domestic-owned, to upgrade product quality. In this case omitting FDI from our specification could bias downward the effect of import competition. However, higher FDI in an industry could also have a negative effect on quality upgrading by domestic-owned plants through market-stealing effects. In this case omitting FDI from our specification could bias upward the effect of import competition. Import competition may also be correlated with domestic competition in the industry. If stronger domestic competition in an industry has 'escape' effects as in Aghion et al. (2005) , then it is likely associated with quality upgrading in that industry. Foreign exporters have an incentive to send to Chile products for which local substitutes have lower quality since it is easier to compete with those. Thus, omitting domestic competition from our specification could result in a negative link between import competition and product quality and a downward bias in the effect of import competition. To control for these possibilities, we include measures of FDI and domestic competition in the vector of controls: the share of total employment in the plant's main 4-digit industry accounted for by foreign-owned plants and the Herfindahl index for each of the 4-digit industries to which the plant's products belong. 11 Foreign-owned plants may produce higherquality products and exhibit higher unit values relative to domestic-owned plants, regardless of import competition. The vector of controls includes a dummy for the plant's foreign ownership status to account for this possibility. That vector includes also an indicator for multi-product plants to acknowledge potential differences between multi-product and single-product plants. 12 Fourth, for any given product, quality differences may not fully explain the corresponding dispersion in unit values. Since unit values are prices, their increase may reflect to some extent an increase in a plant's market power. Moreover, plant size may play a role for quality upgrading by allowing the corresponding fixed costs to be spread over a larger scale and granting easier access to the financing necessary for upgrading, mimicking the role that size plays for radical innovation (Cohen, 1995; Cohen and Klepper, 1996) . To address these possibilities, the vector of controls includes a measure of the plant's market share in each of the 4-digit industries to which its products belong and three size dummies based on the plant's total employment.
13
Fifth, economic growth and inflation could affect unit values, hence it is crucial to control for year fixed effects in Equation (1). By also including 3-digit industry-year fixed effects, we account for technological progress or other shocks experienced by Chilean industries during the sample period. In particular, these fixed effects may account for different trends in the prices of 11 Since total employment of a plant is not allocated across the production of each of its products, the share of total employment accounted for by foreign-owned plants is computed for the plant's main 4-digit industry, which is for multi-product plants the industry to which the major product belongs. The major product accounts for the largest share (which could be less than 50%) of the plant's total sales. 12 For example Bernard et al. (2006b) show that U.S. multi-product plants are significantly larger and more productive than single-product plants. The identification of the coefficient on the indicator for multi-product (foreign-owned) plants in our plant fixed effects estimation is based on plants that switch into multi-product status (foreign ownership) during the sample period. 13 The size dummies are defined in Appendix 2. materials and capital goods faced by plants operating in different 3-digit industries which could affect the prices at which they sell their final products.
14 Sixth, it is crucial to control for plant-specific unobservable heterogeneity by including plant fixed effects in Equation (1). Plants differ in the diversity of products they manufacture and in the type and quality of management which could affect their incentives and possibilities for quality upgrading. However, due to the presence of multi-product plants in the sample it is also crucial to control for product fixed effects in Equation (1) In sum Equation (1) allows us to identify an unbiased effect of import competition on product quality upgrading at the plant level due to the exogenous nature of transport costs and the set of control variables and fixed effects included. IMF (2008) shows that the recent commodity price boom (with the exception of copper and oil) began only after the end of our sample period. Our year and industry-year fixed effects account for possible increases in the prices of copper and oil in the last two sample years which could have affected final products' unit values. Regarding oil, we also estimate Equation (1) for a sample excluding industries 353 (petroleum refineries) and 354 (manufacture of miscellaneous products of petroleum and coal) and find similar results relative to those discussed in Section 4.1. 15 Note that active innovation promotion programs may affect plants' incentives and possibilities to engage in quality upgrading. However, our specification would need to account for such programs only if they targeted specific industries and could therefore be systematically correlated with import competition. The Chilean National Fund for Technological and Productive Development (FONTEC) -a public program in place since 1991 -helped finance innovation projects for manufacturing firms (Benavente et al., 2007) . However, the program did not target specific industries within manufacturing.
Main Results
 is maintained when standard errors are clustered by plant, product, or product-year. 16 The significance of simplify the interpretation, in Equation (1) measures the negative of transport costs: i.e., its increase corresponds to an increase in import competition whose quality upgrading impact is captured by a positive 4 k it TC TC  . All specifications include plant and product fixed effects, as well as year and 3-digit industry-year fixed effects. The estimates in column (1) show that import competition has a positive effect on product quality when plant cost controls, other plant characteristics, and industry characteristics are ignored. In column (2), the specification includes only plant characteristics in addition to transport costs. The estimate of TC  is positive and significant and its magnitude increases. The difference in results across columns (1) and (2) suggests that in column (1) import competition may be picking up the effect of omitted plant characteristics negatively associated with quality. Columns (3) and (4) Panels B and C of Table 3 show the results from estimating Equation (1) competition than the continued products of plants which just started operations or those of plants in their years shortly before exit.
Robustness
We conduct an extensive set of robustness tests to our preferred specification (column (5) of Panel A in Table 3 ). 20 First, we consider alternative criteria to eliminate outliers in our dependent variable. Columns (1)- (4) of Table 4 show the estimates of Equation (1) show a significant positive effect of declines in transport costs on quality upgrading.
21
A possible concern with our estimates is that the regressions give a larger weight to multiproduct plants which have more observations per year than to single-product plants. To address this possibility, we follow the two-stage regression procedure proposed by Kugler and Verhoogen (2008) . First, we regress plant unit values (the dependent variable in Equation (1)) on plant-year, product-year, and year fixed effects. For any given year, the estimated plant-year fixed effect provides an average plant unit value identified by the differences between a plant's unit value(s) and those of other plants producing the same product(s) in that year. Second, these time-varying average plant unit values are regressed on our transport cost measures along with 3-digit industry-
For brevity, we show in what follows only the regression results corresponding to the full sample used in Panel A. However, the pattern detected across panels in Table 3 is also verified for our robustness and other regressions: i.e., the magnitude of  is larger for the sub-sample of all plants but only continued products (corresponding to Panel B) and even larger for the sub-sample of continuing plants and continued products (corresponding to Panel C). These results are available from the authors upon request. 21 While we base our main results on the exclusion of outliers for product categories, qualitatively similar results are obtained when the exclusion of outliers is done for product-year categories.
year fixed effects. 22 In this regression a single-product plant and a multi-product plant included in the sample during the same number of years have equal weight. Column (5) of Table 4 presents the results from this regression and shows that our main finding is qualitatively maintained.
Column (1) of Table 5 shows that the estimate of TC  is robust to the addition of an indicator for the plant's exporter status which controls for possible unit value differences for exporters independent of import competition. Measuring competition in the domestic market is inherently difficult. Column (2) of Table 5 shows that the effect of import competition is robust to the use of the sum of the market shares of the 5 plants with the largest market shares in each of the 4-digit industries to which a plant's products belong as the measure of competition.
23
Moreover, within-country costs of transportation, among several other factors, may give plants in certain regions stronger market power. Hence, we show in column (3) of Table 5 the results from a specification where we add to our preferred specification regional Herfindahl indexes and market shares. Our estimate of TC  remains qualitatively unchanged. Table 5 also shows the results from three experiments to address potential reverse causality problems in our main specification. A first experiment consists of including in Equation (1) either the two-year or the three-year lag of transport costs. The results reported in columns (4) and (5) still show a positive and significant effect of lagged import competition on quality. A second experiment consists of modifying the definition of transport costs to exclude from the calculation of the weighted average country-product-year freight costs corresponding to import flows below 1,000 or 5,000 USD. The effects of import competition reported in columns (6) and (7) are still positive, significant, and are substantially higher than those in Table 3 . This finding is reassuring 22 We refer the reader to Kugler and Verhoogen (2008) for further details on this two-stage procedure, in particular on the non-identification of some plant-year fixed effects. 23 In unreported regressions we also find robust effects of import competition when we replace the plant's market share in each of its 4-digit industries by that in each of its 5-digit or 6-digit industries, or in each of its 7-digit products. Results are available from the authors upon request.
with respect to the endogeneity concern discussed in Section 3, since import flows above 5,000
USD are more permanent. 24 In the third experiment reported in column (8), we find our results to be qualitatively unchanged for an alternative measure based only on the freight rates for countryindustry relationships lasting the entire sample period. 25 The evidence in columns (6) to (8) suggests that our decision to use information on freight costs for all import flows in our main specification is, if anything, underestimating the effect of import competition on product quality.
Unit Values and Quality
Increases in unit values seem to correspond well to the definition of incremental innovation in the OECD Oslo manual (1997) which covers "existing product[s] whose performance has been significantly enhanced or upgraded". For certain consumer products such as automobiles or washing machines, it is clear that higher prices are directly correlated with higher quality. This explains why various studies in the trade literature have taken for granted the idea that increases in export unit values represent improvements in quality (Fontagné and Freudenberg, 1997) . The summary statistics on the heterogeneity in unit values presented in Table 1 support this argument. Industries with little scope for quality differences show low relative variation in unit values while industries where quality is expected to play an important role such as professional equipment (which includes information technology products) exhibit a much higher variability in unit values.
An extensive industrial organization literature has examined the role of product pricing as a signal for quality. The market for 'lemons' of Akerlof (1970) illustrates this clearly: in the presence of imperfect information, firms with high quality products need to introduce signals -24 About 63 percent of those country-industry relationships last the entire sample period compared to 49 percent of the country-industry relationships corresponding to all import flows. 25 Note that while the specifications in columns (6) to (8) provide a relevant robustness test, they could introduce a sample selection bias due to the omission of some country-year relationships.
higher prices -to convey to consumers the high quality of their products. Fluet and Garella (2002) show theoretically that in markets with strong vertical product differentiation (i.e., those with substantial quality differences within product categories) firms may base their signaling on prices only. 26 Thomas et al. (1998) provide empirical evidence showing that higher prices are used for quality signaling purposes in the U.S. automobile industry. More broadly, this literature shows that prices are a good signal for quality since firms often choose intentionally their level as to reveal to consumers the higher quality of their products.
To provide further support that our estimates refer to product quality, we conduct different tests. Specifically, we examine whether the effects of import competition on unit values are stronger for industries whose product attributes (e.g., substitutability) suggest more opportunities for quality improvements or for plants whose actions or characteristics are likely to be associated with those improvements. We estimate a variant of Equation (1) 
where the effect of transport costs is allowed to differ across industries or plants belonging to group 1 and industries or plants belonging to group 2, and all other variables are defined as before. Column (1) of Table 6 reports the results from estimating Equation (2) considering as group 1 (group 2) differentiated goods industries (non-differentiated goods industries) according to the classification proposed by Rauch (1999) . 27 The response to import competition is expected to be naturally larger in industries with a greater scope for quality differentiation. Our estimates 26 The authors also show that in other scenarios, firms resort additionally to advertising as a signal for quality. 27 According to Rauch's classification, differentiated products are those that are neither (i) homogenous -traded in organized exchanges (e.g., steel) nor (ii) reference-priced -having listed prices in trade publications (e.g., some chemical products) and require a more important degree of buyer-seller interaction. To use Rauch's classification, we establish a correspondence between his 4-digit SITC rev. 2 codes and our 4-digit ISIC rev. 2 codes. For the printing industry (ISIC 342), we are unable to establish an unambiguous correspondence and thus drop it from the regressions using the industry groups 1 and 2 based on the Rauch classification show that the impact of tougher import competition on quality upgrading is indeed significantly larger for plants in differentiated goods industries.
In addition, product quality upgrading often requires substantial investments in physical capital by plants. Column (2) of Table 6 shows the results from estimating Equation (2) Moreover, human capital is a key component of a plant's absorptive capacity to new technology and knowledge necessary for product quality upgrading (Cohen and Levintahl, 1989; Pack, 2006) . Column (3) of Table 6 shows the results from estimating Equation (2) defining group 1 (group 2) to include plants whose wage share of skilled labor in the first sample year is larger (smaller) than the sample median. The estimates and the F-test show that increased import competition leads to a significantly stronger increase in unit values for plants with larger skill shares. Overall, the findings in columns (1) to (3) provide evidence to support our assumption that increases in unit values are a good proxy for improvements in product quality.
The Imports-as-Market-Discipline Hypothesis
A potential concern about our main results arises from the use of product prices as our plant-level outcome of interest. The imports-as-market-discipline hypothesis predicts a negative effect of import competition on price-cost margins (the ratio of the difference between price and marginal cost to price) of manufacturing plants, which might appear to be at odds with our results. To examine the effects of import competition on price-cost margins -which are not observable given that marginal costs are not observable -we follow the widely used methodology proposed by Roeger (1995) . The methodology computes the difference between the primal Solow residual in the presence of imperfect competition (Hall, 1988) and the corresponding dual Solow residual derived from a cost function. This difference eliminates plant unobserved productivity which is associated with an endogeneity bias in production function estimation and results in an equation providing consistent estimates for price-cost margins. 28 We allow average price-cost margins to vary with the degree of import competition and with the degree of domestic competition faced by each plant in its main 4-digit industry. 29 Our estimable equation is given by: The results from estimating Equation (3) by plant fixed effects are shown in Table 7 with standard errors clustered by 4-digit industry and year. Columns (1) and (3) show that the average price-cost margins of Chilean plants are positively related to import competition. However, the effects are insignificant. In contrast, columns (2) and (3) show that average price-cost margins are positively and significantly linked to domestic competition. The estimated positive impact of import competition on price-cost margins may reflect increased market rents achieved by plants as a result of their incremental innovation to escape increased import competition. Since radical trade liberalization in Chile occurred in the early 1980s, it is not surprising that during our sample period the price-cost margins of Chilean plants were not disciplined by stronger import competition. Those pro-competitive price-lowering effects likely occurred much earlier.
However, we should note that the absence of strong effects on price-cost margins does not weaken our evidence of quality upgrading since the increase in price-cost margins driven by higher prices charged for higher quality products may have been counteracted by the higher costs incurred by plants to achieve those quality improvements. If plants have to incur costs to signal the quality of their products, then these additional costs could equally explain why price-cost margins do not vary significantly with import competition.
Heterogeneity in the Impact of Import Competition
Does the Impact Differ by the Type of Exporting Country?
The evidence in Section 4 shows that import competition has on average a positive impact on product quality. A natural question that follows is whether increases in all types of import competition provide Chilean plants with incentives for quality upgrading. One of the advantages of our transport costs measure is that it is based on freight rate information for the countries of origin of all Chilean manufacturing imports. We can therefore distinguish import competition from technologically more advanced, richer, higher-wage countries from import competition from other countries. We estimate the following specification:
, (4) where transport costs measures are computed separately for more advanced countries and less advanced countries according to two country classifications,
and all other variables are defined as in Equation (1). First, we define more advanced countries to be high-income and upper-middle income countries according to the World Bank's income group classification and report the results in column (1) of Table 8 . 31 Second, we define more advanced countries to be countries whose scores in the Global Competitiveness Report's general country ranking are above the median score and report the results in column (2) of Table 8 . 32 The estimates show that increased import competition from less advanced countries is the strongest stimulant for product quality upgrading by Chilean plants. The F-tests show that the difference in the effects across country groups is statistically significant for both classifications. These findings suggest that tougher competition from low-wage countries (including China and India) serves as an incentive for quality upgrading by Chilean plants and thus can be viewed as an advantageous type of competition. The products exported by more advanced countries to Chile may be too sophisticated for local plants to be able to 'beat' through quality upgrading. This finding provides support to the existence of a costly-to-overcome 'technology gap' that Cimoli and Correa (2002) argue has been responsible for lower growth benefits from trade liberalization in Latin America.
Our evidence also supports the hypothesis that the high cost of catching-up with more advanced economies in order to upgrade product quality may constitute a barrier to economic growth arente and Prescott, 1994). (P 31 We use the World Bank country classification as of April 2007 which establishes four income groups: low-income, lower-middle-income, upper-middle-income and high-income and covers all countries included in our transport cost dataset. The classification is based on gross national income per capita using the World Bank Atlas method. Uppermiddle-income and high-income countries have an income level similar to or above that of Chile. We also estimate Equation (4) defining more advanced countries to be high-income countries and obtain qualitatively similar results. 32 The World Global Competitiveness Report (World Economic Forum, 2007) ranks 131 countries' performance based on a broad range of factors affecting a country's business climate: institutions, infrastructure, macroeconomic stability, health and primary education, higher education and training, goods market efficiency, labor market efficiency, financial market, sophistication, technological readiness, market size, business sophistication, and innovation. Countries are ranked and given a performance score. We use the median score to divide our sample into above-median and below-median performers.
D upgrading and increased import competition oes the Impact Differ across Types of Plants or Types of Products?
An issue of interest is whether import competition affects product quality across all plants and all products equally or whether the effects are heterogeneous. First, we explore the possibility that plants which are less integrated into global markets may be affected differently by import competition. Table 9 shows the results from estimating Equation (1) based on three restricted subsamples of plants: including only non-exporting plants (column (1)), including only domesticowned plants (column (2)), and including only domestic-owned plants which do not export (column (3)). The impact of import competition on product quality is positive and significant in all columns. Interestingly, the impact is substantially larger in magnitude for domestic-owned plants that do not export. This means that an increase in import competition elicits the strongest quality upgrading response from the plants that are less exposed to international competition through other channels such as exports or multinational parent linkages. A rationale for this finding is that plants that are more internationally integrated through exports or foreign ownership may already have been forced to undertake quality provides a weaker incentive for further upgrading.
Second, we examine whether plant size affects the strength of the impact of import competition on product quality. Column (4) of Table 9 shows the results from estimating Equation (2) defining group 1 (group 2) to include plants whose average total employment over the sample period is higher (lower) than the sample median.
33 Plant size is used as a rough proxy for plant performance and for whether a plant is a 'leader' i.e., it is closer to the technological frontier (of its industry or of the world) according to the terminology of Aghion et al. (2005 Aghion et al. ( , 2006 . However, our F-test shows that the estimated effect of import competition does not differ significantly across plant size. This finding stands in contrast with those of The sample median employment is computed pooling across all plants and years. Note that the specifications still include three size dummies as control variables.
authors who show that leaders innovate more due to foreign competition than plants more distant from the technological frontier. The difference in findings could be simply due to the fact that size is a poor proxy for a plant's distance to the technological frontier. Defining the distance to the technological frontier based on plant TFP measures would be closer to the strategy followed by Aghion et al. (2005 Aghion et al. ( , 2006 but we deliberately avoid pursuing that strategy due to the presence in our sample of many multi-product plants for which the usual measures of TFP can be biased (Bernard et al., 2005) . Instead, we use an indirect approach to estimate heterogeneous impacts.
We compute for each 7-digit product and year the absolute coefficient of variation in unit values (a measure of quality dispersion) and regress it on our transport costs measure. The results, reported in column (6) of Table 9 , show a positive impact of import competition on product quality dispersion. This finding hints at the presence of heterogeneous impacts of competition on plants, possibly depending on their closeness to the technological frontier. However, the confirm udy the link between import ompetition and quality rather than data on exported products only.
ation of this possibility cannot be directly inferred from these results.
Column (5) of Table 9 shows the results from estimating Equation (2) defining group 1 to include products that are exported (at least partially) and group 2 to include products that are sold exclusively in the domestic market. Interestingly, the estimates and F-test show that the impact of increased import competition on quality upgrading is significantly higher for domestically sold products. It is possible that once these domestically sold products achieve sufficiently high quality, plants are able to sell them in export markets also, which is indeed the finding for Mexican plants by Iacovone and Javorcik (2008) . This result points to the importance of using data both for domestically sold as well as for exported products to st c
Conclusion
So, does import competition affect product quality? We investigate this question using a rich dataset of Chilean plants and products and a regression framework where increases in unit values proxy for product quality improvements and transport costs are the exogenous measure of import competition. Our results show that import competition does have a positive, significant, and robust impact on product quality for Chilean plants. To the extent that these findings can be generalized to other middle-income countries, they suggest that increased exposure to import competition, including that from China and India, can be beneficial by encouraging their producers to follow the "high road" to competitiveness (Pietrobelli and Rabellotti, 2006) .
Moreover, in light of the evidence provided by Iacovone and Javorcik (2008) that Mexican plants invest in product quality upgrading before they export, our findings suggest that over time plants -including those with no export experience -may be able to progressively target more petition encou et to exploit other interesting margins f adjustment such as the possibility of quality upgrading.
sophisticated export markets.
However, our evidence also suggests that import competition may be insufficient to enable quality upgrading where the "technology gap" between foreign competitors and local producers is high. In so far as quality upgrading for non-frontier products presents a less demanding task than more radical innovation, our findings suggest that while import com rages upgrading, other policy tools will be necessary for more radical innovations.
Our findings also suggest that the recent models of heterogeneous multi-product firms such as those of Bernard et al. (2006c) and Eckel and Neary (2006) that examine changes in firms' product mix as a response to trade costs' reductions have y o Notes: The table shows for each 4-digit industry the simple average across all sample years of the industry's yearly coefficients of variation in unit values. For each 4-digit industry and year, the yearly coefficient of variation in unit values is obtained as a weighted average of the coefficients of variation in unit values for each of its 7-digit products using as weights the share of each 7-digit product in the 4-digit industry's total sales in the year. Note: The table shows for each 4-digit industry transport costs aggregated from the level of the 8-digit HS code, exporting country, and year to the level of the 4-digit ISIC and year using as weights Chile's fob imports from each country and year. Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. The negative of transport costs is included in the regressions. Plant controls include size dummies, a dummy for foreign ownership, a dummy for multi-product plants, and the plant's market share at the 4-digit level. Industry controls include the share of employment in foreign-owned plants in total 4-digit industry employment and the normalized Herfindahl index at the 4-digit industry level. Plant cost controls include the log of average wages, the share of skilled labor in total labor, the log of unit electricity prices paid by the plant, and the share of imported inputs in total inputs. The regressions in Panel B are estimated for the sub-sample of all plants but only products that the plant neither starts producing nor discontinues during its years in the sample while those in Panel C are estimated for the sub-sample of plants included in the sample during the entire sample period and for each of those plants only the products that they produce during the entire sample period. Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. The negative of transport costs is included in the regressions. The samples used in columns (1) to (4) are described in the text. Plant controls in columns (1)- (4) include size dummies, a dummy for foreign ownership, a dummy for multi-product plants, and the plant's market share at the 4-digit level. Industry controls include the share of employment in foreign-owned plants in total 4-digit industry employment and the normalized Herfindahl index at the 4-digit industry level. Plant cost controls include the log of average wages, the share of skilled labor in total labor, the log of unit electricity prices paid by the plant, and the share of imported inputs in total inputs. Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. All regressions include the negative of transport costs, those in columns (6) to (8) include modified versions of that measure described in the text. Plant controls include size dummies, a dummy for foreign ownership, a dummy for multi-product plants, and the plant's market share at the 4-digit level., and a dummy for the plant's exporter status (only in column (1)). Industry controls include the share of employment in foreign-owned plants in total 4-digit industry employment and the normalized Herfindahl index at the 4-digit industry level (except in column (2) where the sales share of the largest 5 plants at the 4-digit level is included). Plant cost controls include the log of average wages, the share of skilled labor in total labor, the log of unit electricity prices paid by the plant, and the share of imported inputs in total inputs. Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. The regressions include the negative of transport costs interacted with alternative sets of dummy variables described in the text. The plant controls, industry controls, and plant cost controls included in the regressions are similar to those in column (5) of Panel A of Table 3 . Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. Column (1) includes the negative of transport costs for high income and upper-middle income countries and for lower-middle income and low income countries according to the World Bank country specification. Column (2) includes the negative of transport costs for countries with a performance score above the median and for countries with a performance score below the median, according to the Global Competitiveness Report. The plant controls, industry controls, and plant cost controls included in the regressions are similar to those in column (5) of Panel A of Table 3 . Notes: Robust standard errors clustered by 4-digit industry and year in parentheses. ***, **, and * indicate significance at 1%, 5%, and 10% confidence levels, respectively. All regressions include the negative of transport costs, those in columns (4) and (5) include that variable interacted with alternative sets of dummy variables described in the text. The plant controls, industry controls, and plant cost controls included in the regressions are similar to those in column (5) of Panel A of Table 3 .
from the sample the top and bottom 5% of the unit values' distribution for any 7-digit product. After applying these data cleaning procedures our final sample includes 55,294 plant-yearproduct observations. We test the goodness of our products data by identifying plants with irregular product 'drops' (i.e., products that disappear from production and then reappear again) and plants with product 'jumps' (i.e., products that are produced only once in the intermediate years of plant presence in the sample). These tests, which follow Bernard et al. (2008) , are satisfactory in that product 'drops' and product 'jumps' are relatively infrequent. We also perform another test which compares the standard deviations of 'purged' unit values for 4-digit industries with the same standard deviations obtained for a Colombian products dataset by Kugler and Verhoogen (2008) . 'Purged unit values' are the residuals from regressions of log unit values on product fixed effects or from regressions of log unit values on product-year fixed effects. Our standard deviations are somewhat larger than theirs but are sufficiently within bounds to be explained by the fact that we consider a different country with a distinct profile of manufacturing production.
We use variables from the ENIA census to compute the proxies for costs of production included in our regressions. Plant average wages are obtained as the ratio of total wages paid to the plant's employees. Plant skill share is defined as the ratio of the number of skilled workers (a sum of managers, administrative personnel and qualified production workers) to the total number of workers employed by the plant. Plant electricity unit prices are computed as the log of the ratio of electricity expenditure to the quantity of electricity purchased. To eliminate outliers in each of these variables, we follow a 'winsorizing' procedure whereby we replace the top and bottom 5 For plants with discontinuous data we include only the observations across consecutive years for which yearly growth rates of variables can be computed. The sample differs from that used for the unit values regressions since the observations are dropped based on the following criteria: (1) we exclude from the sample plants with missing sales, wage bill, intermediate costs, or capital variables; (2) we impute sales, wage bill, intermediate costs, or capital to correct for non-reporting by a plant in a single year (which occurs in fewer than 30 plant-year observations); (3) we exclude from the sample plants whose sales growth, wage bill growth, or capital growth is larger than (smaller than) 400%; (4) we exclude from the sample plants whose sales (wage bill) growth ranges between 100% and 300% (-300% and -100%) but is not accompanied by corresponding high (low) growth rates of intermediate costs (total employment). After applying these data cleaning procedures our final sample includes 31,318 plant-year observations.
To compute and , we use plant-level information on nominal sales and on total wage bill and compute their corresponding logarithmic growth rates. Nominal intermediate costs are obtained as the sum of materials costs and electricity costs and the corresponding logarithmic growth rate is calculated. Capital stocks are computed using the perpetual inventory method (PIM) as described in Fernandes and Paunov (2008) and the corresponding logarithmic growth rate is computed. We define the rental price of capital to be equal to the product of the aforementioned investment goods price deflator and the sum of the real interest rate and a depreciation rate as in Konings et al. (2005) . Similarly, data on the lending interest rate and the consumer price index taken from the IMF financial statistics is used to compute the real interest rate. The depreciation rate used is the simple average of the rates used by Fernandes and Paunov (2008) for three types of capital goods: 3% for buildings, 7% for machinery and equipment, and 11.9% for transport equipment. Using an alternative depreciation rate equal to 10% provides almost similar results. The share of labor (intermediates) in sales is given by the ratio of the wage bill (intermediate costs) to total nominal sales. 
